The influence of dietary Ca and P and growth rate from birth to 60 to 70 days of age on serum minerals, soundness scores and bone development was evaluated with crossbred gilts and barrows or boars. The following dietary treatments, as percentages of NRC recommendations for barrows and gilts, were used: (1) 100% Ca and P, (2) 125% Ca and P, (3) 100% Ca and 125% P and (4) 100% Ca and 75% P. Pigs were fed an 18, 16 and 14% protein sequence. Final weight was 107 kilograms. Serum inorganic P concentration was depressed (P<.05) when pigs were fed a diet containing 100% Ca and 75% P as opposed to 100% Ca and P, but was not consistently increased when pigs were fed 125% P with 100 or 125% Ca. In cases where the magnitude of the P depression was greatest, serum Ca and Mg concentrations were increased. Serum Ca, P and Mg were not consistently affected by sex or growth rate. Pad, feet and leg, structural soundness and foot scores were generally not influenced by dietary Ca and P levels or growth rate. Gilts tended to be more sound than barrows, with no difference observed between boars and gilts. Bone development, as measured by metacarpal and mandible dried weight, ash and breaking load, was reduced when 75% of NRC-recommended P was fed, but it was not consistently increased 1Appreciation is expressed to Charlie Babb, Carl Eure and K. L. Bryant for feeding and caring for the pigs; to Helen Bartlett for analytical work; to Cindy Atkins for typing the manuscript; to Dr. K. H. Hinkelmann and Bill Woodall for statistical analysis; to Smith-Douglass, Division of Borden Chemical, Borden, Inc., for partial financial support, and to L. B. Allen, J. H. Carter, S. Britt, J. Parker and R. Updike for evaluating the soundness of the pigs.
Summary
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when 125% P was fed. The maximum response occurred when 125% P was fed in combination with 125% Ca. Where increases were observed, the magnitude was small. Metacarpal and mandible parameters were equally responsive to dietary Ca and P levels, with ash slightly more responsive than dried weight or breaking strength. Tooth ash and Ca and P content of tooth ash were unchanged by any of the Ca and P levels. Metacarpal dried weight and breaking load were higher and ash lower for boars than for gilts. Growth rate had little effect on bone development. These results show that (1) serum P and bone mineralization (except tooth) of barrows, boars and gilts were reduced when less than NRC-suggested levels of P were fed; (2) pad, foot and overall soundness scores were not influenced by growth rate or dietary Ca and P levels; (3) barrows, boars and gilts appeared to respond in a similar manner to higher-than
Introduction
Structural unsoundness, also known as leg weakness, is a problem of increasing concern for the swine industry (Smith, 1966; Grondalen, 1974; Miller et al., 1976; Grear et al., 1977; Nakano et al., 1979) . It is believed that maximum bone mineralization is necessary during growth and development if boars are to remain sound and perform well during subsequent breeding periods (Fammatre et al., 1977; Moser, 1978) . As with barrows and gilts, higher levels of dietary Ca and P are required for maximum bone development than for maximum feedlot performance (Schroeder et al,, 1974; Irlam et al., 1975; Moser, 1978 optimum level of bone mineralization during growth and development for the production of boars that will maintain structural soundness is unknown. There appears to be little need to maximize bone development in market hogs, but the dietary levels of Ca and P commensurate with the development of an adequate skeleton for market hogs are still unclear.
The objectives of this research were to evaluate the effects of dietary Ca and P and the influence of growth rate on serum minerals, structural soundness scores and bone development during the growing and developing periods of barrows, gilts and boars.
Experimental Procedures
Three trials, each involving 192 crossbred gilts and barrows or boars were conducted. At 60 to 70 days of age, daily gain from birth was calculated, and pigs were divided equally by sex into fast and slow growth rate groups. The following dietary Ca and P combinations were used: (1) 100% of NRC (1973)-recommended Ca and P levels for barrows and gilts, (2) 125% Ca and P, (3) 100% Ca and 125% P and (4) 100% Ca and 75% P. Management, diets and allocation to treatments have been described previously (Thomas and Kornegay, 1981) .
Feet and legs and pads were subjectively scored at the beginning and near the end of each trial. Scores were based on visual appraisal and were assigned based on a scale of 1 to 15, where 1 = very good and 15 = very poor. When pigs weighed about 100 kg, structural soundness scores were assigned according to the above scale by members of a committee that evaluates boars for the Virginia Boar Test Station. In trial 3, boars and gilts selected for slaughter were scored again just before slaughter.
Blood serum samples (for mineral analysis) were taken from the anterior vena cava at the termination of the trials.
In trials 1 and 2, all barrows (no gilts) were slaughtered at the termination of the test. The right foot and lower part of the mouth and head (only in trial 2) were removed and frozen for subsequent removal of the metacarpals, *Perkin-Elmer Model 403 Atomic Absorption Spectrophotometer, Perkins-Elmer Corp., Norwalk, CT. mandible and teeth. In trial 3, two of the boars and two of the gilts in each pen were randomly selected and slaughtered, and the right foot was removed.
The foot and lower jaw (mandible) were boiled for 1 hr to ease removal of soft tissue. The dissected metacarpals and the mandible were dried for 72 hr at 70 C. The mandible was split equally into two parts with a band saw. The right side was tested for breaking strength. A 25-mm cross section that included the last two molars was taken from the left side for determination of ash. The teeth were removed for a separate ash determination. The third or fourth metacarpal was tested for breaking strength and the second or fifth metacarpal was analyzed for ash. The dried bones and teeth were wrapped in brown paper and crushed into small pieces with a hammer. The crushed bone and teeth were redried in a forced air oven at 70 C for 48 hr before extraction with ether for 6 hours. The extracted bones and teeth were dried overnight and then ashed in a muffle furnace for 4 hr (6 hr for teeth) at 600 C. Bone ash was determined, and samples were retained for Ca and P determination by a dry ash procedure. After the right side of the mandible was broken, the two last molars were analyzed for Ca and P by a wet ash procedure. An Instron instrument was used to determine breaking strength as described by Cromwell et aL (1972) . P was determined colorimetrically according to AOAC (1965) methods. Ca and Mg were measured by atomic absorption spectrophotometry 4 .
Data were analyzed for statistical significance by multivariate analysis of variance procedures, with individual values used as the experimental unit. Duncan's (1955) multiple range test was used to determine significant differences among main treatment effects. In trial 2, correlation coefficients for metacarpal, mandible and tooth parameters were obtained from the residual sums of squares and sums of products. Thus, coefficients were corrected for treatment effects.
Results and Discussion

Serum Minerals
Dietary Ca and P. In trial 1, serum P concentration was depressed (P<.05) when the diet low in P was fed to barrows and gilts during the finishing phase, but there were no differences in serum Ca and Mg concentrations between pigs (table 1) . In trials 2 and 3, in which the various diets were fed to either barrows or gilts or boars and gilts during the growing and finishing phases, serum P concentration was lower (P<.05) and serum Ca and Mg concentrations were higher (P<.05) in pigs fed the diet low in P than in pigs fed the other diets.
In trials 1 and 2, feeding P at a level higher than NRC recommendations did not increase serum P or decrease serum Ca and Mg concentrations. To the contrary, in trial 3, serum P concentrations were slightly but significantly higher for boars and gilts fed diets containing 125% Ca and P and 100% Ca and 125% P than for pigs fed 100% Ca and P. Serum Ca and Mg concentrations were unaffected 9 Doige et al. (1975) reported that serum P concentrations were not changed by low levels of dietary P when the Ca:P ratio was maintained near 1.3:1; however, when low levels of P were fed in combination with medium or high levels of Ca, serum P concentrations were reduced. In the present trials, the Ca:P ratio of the P-deficient diet was about 1.7:1. The inverse relationship observed between serum P concentration and serum Ca and Mg concentrations when the low P diet was fed agrees in general with reports by Miller et al. (1964 ), Cromwell et al. (1970 and Doige et al. (1975) . Bayley et al. (1975) reported a higher serum P concentration for boars and gilts fed .6 vs .4% P in combination with .8% Ca; however, a further increase in dietary P level caused no further increases in serum P concentrations. The magnitude of the change was greater for boars than for gilts. Bayley et al. (1975) found little influence on serum Ca concentration.
Sex. In trial 1, serum Ca, P and Mg concentrations did not differ (P> .10) between barrows and gilts, whereas in trial 2, barrows had higher (P<.05) serum Ca, P and Mg concentrations than gilts (table 1). In trial 3, serum Ca concentrations did not differ (P>.IO) between boars and gilts, but serum P and Mg concentrations were lower (P<.01) for boars than for gilts. Cromwell et al. (1970) reported that serum Ca concentration was higher and serum P concentration lower for gilts than for barrows. Bayley et al. (1975) , feeding P levels ranging from .4 to 1.0%, reported no difference in serum Ca concentration between boars and gilts at 40, 60 and 90 kg, but found a higher P concentration for boars than for gilts at 90 kilograms. The magnitude of these differences was small, however.
Growth Rate. With the exception of trial 1, in which the serum P concentration was higher (P<.05) for the fast growth group than for the slow growth group, serum Ca, P and Mg concentrations did not differ (P>.10)between growth rate groups in the trials.
Pad, Feet and Leg, Soundness and Foot Scores
Dietary Ca and P. In all trials, pad, feet and leg and soundness scores were not influenced by diet (table 2) . Foot scores, taken only for boars and only in trial 3, were higher (P<.05) for boars fed 100% Ca and P than for boars fed the other diets. Inside and outside pad scores on the same foot were not different for boars fed the different diets. No explanation can be offered for the above difference 9 Nimmo et al. (1978) , comparing dietary Ca and P levels above N RC (1973)recommendations, reported no influence on soundness scores of front and rear legs. Calabotta et al. (1979) found no improvement in overall soundness scores when minerals (Ca and P) fed at 150% of NRC (1973) recommendations were compared to 100% levels.
Sex. Although the magnitude of the difference was small, pad, feet and leg and committee soundness scores at the end of the trials were higher (P<.05 or .01) for barrows than gilts (trials 1 and 2) suggesting that gilts were more sound than barrows. Somewhat to the contrary, in trial 3 no difference in feet and leg and soundness scores and lower (P<.05) pad scores were observed for boars compared to gilts.
Growth Rate. Pad, feet and leg and soundness scores did not differ between growth rate groups in trials 1 and 2. In trial 3, pad scores did not differ between growth rate groups, but final feet and leg scores and front foot scores favored (P<.01) the fast growth rate group. Soundness scores at 100 kg were not different, but in a randomly selected sample of animals of both sexes that was continued to 115 kg, the fast growth group had higher (P<.05) scores than the slow growth pigs. Nakano and Aherne (1977) , in a study of boars, and Calabotta et al. (1979) , in a study of gilts, reported little or no effect of reduced growth rate (restricting feed intake) on visual appraisal of overall structural soundness. To the contrary, a positive relationship was observed between growth rate and incidence and severity of leg weakness for genetically selected fastand slowgrowing lines of boars (Grondalen and Vangen, 1974) and for boars whose growth rate was reduced by restriction of feed intake (Reiland, 1976) .
Bone Parameters
Dietary Ca and P. In all trials, metacarpal dried weight, breaking load and ash were lowest (P<.05) for pigs fed the diet with low P (table 3) . Mandible dried weight, breaking load and ash, which were measured only in trial 1, were also reduced (P<.05) for pigs fed the diet low in P. These findings are consistent with numerous reports indicating that a deficiency of P will result in reduced bone development (Theiler et al., 1937 ; Miller et al., 1964; Bayley and Thomson, 1969; Cromwell et aL, 1970) .
The feeding of Ca and P levels higher than NRC recommendations did not increase metacarpal dried weight, breaking load and ash in trial 1, metacarpal dried weight and breaking load and mandible dried weight and breaking load in trial 2 or metacarpal breaking load and ash in trial 3. Metacarpal and mandible ash in trial 2 and metacarpal dried weight in trial 3 were higher (P<.05) for pigs fed 125% Ca and P than for pigs fed the other diets. The magnitude of these differences was small compared to that observed for the diet low in P. Bayley et al. (1975) reported a marked increase in the ash content of femur and radius when .4 and .6% P diets were compared. There appeared to be no response to additional increments. Also, slightly higher bone ash and breaking loads have been reported for boars fed diets containing higher-than-NRC (1973)-recommended levels of Ca and P for barrows and gilts (Schroeder et al., 1974; Nimmo et al., 1978) ; however, little or no response has been reported for barrows and gilts (Cromwell et al., 1970 (Cromwell et al., , 1972 Doige et al., 1975; Fammatre et al., 1977) .
In trial 2, Ca and P contents of the metacarpal (35.3 and 17.0%, respectively)and mandible (35.2 and 6.7%, respectively), expressed as percentages of ash, and Ca content of the dried, fat-free metacarpal were not influenced by dietary Ca and P levels. However, the P content of the dried, fat-free metacarpal and the Ca content of the dried, fat-free mandible were lower for pigs fed the diet low in P than for those fed the other diets. The P content of the dried, fat-free mandible was lower (P<.05) for pigs fed the low P diet than for pigs fed 125% P with either 125 or 100% Ca; pigs fed 100% Ca and P had an intermediate level of P. Cromwell et al. (1970) reported no difference in metacarpal ash, Ca or P content between pigs fed 100, 125 and 150% of NRC-suggested P levels in combination with 100 or 115% NRCsuggested Ca. The average ash content, 57.3%, was slightly lower and Ca and P contents, 23.4 and 11.3%, respectively, were slightly higher than those obtained in this trial. Tooth ash and Ca and P contents of the tooth (23.7 and 12.0%, respectively), expressed as percentages of the ash or as percentages of the dried, fatfree tooth, did not differ between the various dietary Ca and P levels (table 3) .
A comparison of metacarpal, mandible and tooth parameters in trial 2 reveals that ash, Ca and P contents of dried, fat-free teeth were unresponsive to dietary Ca and P levels (table 3). The metacarpal and the mandible were both responsive to dietary Ca and P levels, with metacarpal ash and mandible dried weight and ash being the most sensitive parameters. Metacarpal dried weight, breaking load and Ca content and mandible breaking load, Ca content and P content were moderately sensitive to dietary Ca and P changes. Metacarpal Ca content was least sensitive. The magnitude of the change was two to five times greater between pigs fed 75 and 100% P than between pigs fed 100 and 125% P. Cromwell et al. (1970) reported that ash contents of metacarpal and turbinate bones were both responsive when pigs were fed low P diets (75% NRC), but were not affected by increases in dietary P above the NRC-recommended level (125 and 150%). Cromwell et al. (1972) , comparing 100 and 125% NRC P fed in combination with 75,100, 120 and 150% of NRC Ca, reported that reduction of Ca to 75% resulted in a greater depression of turbinate ash than of metacarpal ash. The ash contents of femur and radius bones appeared to be equally responsive to dietary P increases up to a level of .6% P and .8% Ca (Bayley et al., 1975) . Fammatre et al. (1977) fed 100 and 140% of NRC-recommended levels of Ca and P to growing pigs and reported that the ash contents of the sixth rib and the proximal phalanx were more sensitive than the ash contents of the femur and the metacarpal. The authors found no effect of dietary Ca and P on turbinate ash.
Significant correlations were observed be-tween (1) metacarpal ash, Ca and P, (2)mandible ash, Ca and P and (3) tooth ash, Ca and P (table 4) . Dried metacarpal weight was correlated only with dried mandible weight. Metacarpal ash was correlated with tooth ash and dried mandible weight, ash and breaking load. Dried mandible weight, ash and breaking load were all significantly correlated, which contrasts to the finding of nonsignificant correlations between dried metacarpal weight, ash and breaking load. Just Nielsen (1972) reported a very high correlation (r = .96) between bone ash and Ca content. Cromwell et al. (1972) reported a positive correlation between metacarpal weight and breaking strength, but no significant relationship between weight and ash. Furthermore, they reported no significant relationship between metacarpal breaking strength and ash. Also, there was no relationship between turbinate ash and metacarpal breaking strength and ash. Sex. In trial 3, in which bone data were collected for both sexes, dried metacarpal bone weight and breaking load were higher (P<.01 or P<.05) for boars than for gilts, whereas bone ash content was lower (P<.01) for boars than for gilts. The magnitude of the difference, however, was small (59.1 vs 59.7%). Doige et al. (1975) reported no difference between barrows and gilts in dried, fat-free metacarpal weight and ash. Mudd et al. (1969) reported no difference between barrows and gilts in femur ash, Ca and P content and breaking strength. However, Bayley et al. (1975) found that femur percentage ash was lower for boars than for gilts but that radius percentage ash did not differ between sexes. Bayley et al. (1975) also reported that femur breaking force was lower for boars than for gilts. Examining the ulna, Cromwell et al. (1970) reported that gilts tended to have more ash, Ca and P in the bone than barrows; however, differences were not significant.
Growtb Rate. In trials 1 and 2, in which bones were collected only from barrows, there were no differences between growth rate groups in any of the parameters. In trial 3, conducted with boars and gilts, metacarpal bone weight and ash content did not differ between growth rate groups, but breaking load was lower (P<.01) for the fast group than for the slow group, although the magnitude of the difference was small (103 vs 112). and Fritschen and Underdahl (1971) reported a negative linear relationship between daily gain and metacarpal breaking strength; Cromwell et al. (1974) and Parker et al. (1975) found no relationship between growth rate and metatarsal or humerus breaking strength.
Discussion
The results of this study indicate that the dietary Ca and P levels tested did not influence pad, feet and leg, foot and overall soundness of growing and developing barrows.
In agreement with the feedlot performance data reported by Thomas and Kornegay (1981) , these data clearly show that diets containing less than NRC-recommended levels of Ca and P reduced serum P levels and mineralization of metacarpal and mandible. Tooth ash and Ca and P contents, however, were unchanged. At Ca and P levels above those recommended by NRC, increased bone mineralization was not as consistent, and when increases were observed, the magnitude of the increase was small. These results suggest that the maximum response to increased dietary Ca and P occurs when the Ca:P ratio is in the range of 1.3:1 to 1.4:1. The metacarpal and manidble parameters appear equally responsive to dietary Ca and P changes; thus, the metacarpal would be preferred because of the ease of removal and processing. Ash content appears to be slightly more responsive than dried weight and breaking strength or Ca and P content.
Growth rate from birth to 60 to 70 days of age had little or no effect on bone development, serum mineral levels and pad, feet and leg, foot and soundness scores at approximately 100 kilograms.
Response to higher-than-NRC-recommended Ca and P levels appeared to be about equal in trial 2, in which barrows (bone data only for barrows) and gilts were compared, and in trial 3, in which boars and gilts were compared. There were no significant sex • dietary Ca and P level, sex • growth rate or growth rate • dietary Ca and P level interactions. Thus, these results offer little support for the belief that boars have a Ca and P requirement higher than that suggested by NRC (1973) for market hogs, whereas feedlot performance data for these pigs reported by Thomas and Kornegay (1981) did lend some support to this belief. In the present study, barrows, boars and gilts appeared to have a small response to higher-than-NRC-suggested levels of Ca and P for market hogs, with maximum bone mineralization occurring when pigs ...c.
